This paper presents results of a study concerning the modification of a generic DASY4 twin phantom SAR kit (designed for measurements of mobile phones held to the ear) to facilitate SAR measurements of personal data assistant mobile communications equipment held in front of the face. The source used was a half wavelength dipole illuminating a SAM phantom face. Two half heads bonded together were used and the effect of removing the rearmost part of the phantom head were considered. Results from FDTD simulations show the effects of the modification. When a 60mm section is removed from the back of the head, the 1g and 10g SAR values at 900MHz deviate by about 2.4% and at 1800MHz by about 0.3% from the values obtained with the full head.
INTRODUCTION
Advances in mobile terminals have seen an increase in the number of Personal Data Assistants incorporating mobile communications equipment (PDAMCE). Typically these have larger screens and 'Windows'-like operating systems and are intended for use in front of the face. Previously typical MCE was used on the side of the head. Of significance is that RF energy from a PDAMCE has its source normal to the face and may irradiate the eyes (thought to be particularly sensitive), to a greater degree than has previously been the case. Past research by the authors [1] [2] has shown that in this scenario certain metallic spectacles can increase the Specific Absorption Rate (SAR) in the eyes. Other Finite-Difference Time-Domain (FDTD) studies have also concentrated on the eyes when radiated from in front of the face [3] - [6] . Balzano [7] and Cleveland [8] used human skulls filled with brain simulating materials to measure temperature [7] and electric field profiles [8] inside the head. While there are a large number of FDTD based studies, measurements from in front of the face using the recently introduced Specific Anthropomorphic Mannequin (SAM) phantom standard [9] are less common.
SAR measurements for standards purposes are generally done using an automated E-field scanning system [10] . The DASY4 [11] using the twin phantom by SPEAG is one such system. Whilst in [1] an anatomically correct head was used for simulations, the DASY4 uses a homogenous twin phantom and is intended for measuring handsets placed next to the ear and not the face. The curvature of the twin phantom prevents accurate positioning of the E-field probe in the eyes and nose regions, thus is not suitable for front of face measurements. In this paper, we propose a method to allow measurements from the DASY4 to be used to corroborate results from simulations germane to PDAMCEs and vice versa. We also investigate the depth of brain tissue simulating liquids required for accurate comparisons. Simulations were carried out using both in-house FDTD code [1] and SPEAG's SEMCAD-X [12] to determine the effects of removing different amounts of the head from the back.
SAM PHANTOM MODIFICATIONS
SPEAG produce a SAM head to the IEEE specifications given in Std 1528-2003 [9] . The phantom is filled with brain simulating liquid through a hole in the top of the head and has a holder for positioning a mobile phone next to either ear. The SAM is intended for radiation pattern and efficiency measurements when using a phone next to the ear. In order to modify this phantom for in front of face measurements, a section of the head will be removed from the back. The shell will be fixed face-down and filled with brain simulating liquid. The DASY4 robot control program needs a modified CAD file of the assembled SAM head in order to accurately place the E-field probe close to the inner surface of the face. When this configuration is complete, the DASY4 will then be able to automatically scan the face region and thus calculate the SAR.
In general, measurements are taken with the probe relatively normal to the internal surface of the phantom (within 30º of normal). The probe consists of three small orthogonal diodes that interact with the electric field. A high impedance circuit for each diode run on a rod to a low noise amplifier. The ability of the probe to be aligned normal to the inside surface is limited by the intersection of the rod with the phantom shell. If the probe cannot reach a specified point within the 30º limit, that particular measurement is avoided. As the rear of the phantom head is cut away, access to the face becomes easier. On the other hand due to perturbation of reflected energy from the back of the head, removing sections of the phantom skull may cause erroneous field values at the front of the head. Therefore a compromise is needed between levels of access and acceptable perturbation to the fields behind the eyes and nose.
DESCRIPTION OF FDTD MODEL
An independent 3D FDTD code [1] [2] and SEMCAD-X has been used in this study. For the FDTD code, perfectly Matched Layers (PML) with geometric grading [13] absorbing boundary conditions are used to terminate the grid. The PML is eight cells thick and is positioned at least twelve cells from the head. The Yee cell size used is 2mm. The SAM phantom CAD file given in IEEE Std 1529a-2005 [14] was first imported into Flomerics' Micro-Stripes [15] and discretised into 2mm cells. This model was then easily imported into the FDTD program. The lowest number of cells per wavelength was always greater than ten. The time step was 3.336pS and the simulations were run for ten cycles (3340 time steps at 900MHz and 1660 time steps at 1800MHz). The SAM head was also imported into SEMCAD-X and sections of the head were removed by overlapping the unwanted area with a block of freespace. Priority was then given to the block, thus overriding the properties of the head inside that block.
DIPOLE SOURCE IRRADIATION
A dipole model has been used in this paper. The dipole is vertically orientated and placed at a distance of 80mm from the tip of the nose with the centre of the dipole aligned with the eyebrow (Figure 1) . It is centre fed with a sinusoidal CW source. The tangential E-field components are set to zero along the length of the dipole [16] . All results are normalised to 1W input power and the frequencies of excitation are 900MHz and 1800MHz. present local SAR values along three different cuts of the head. For applicability to the study of face worn jewellery and SAR, the three cuts chosen were the nose, eye and the eyebrow. Later measurements are to include metallic studs and piercing of the nose and eyebrow as well as spectacles in front of the eyes.
On these three cuts our results show that up to a 100mm section can be removed from the back of the head without local SAR significantly deviating from that expected from a whole head. The removal of a 150mm section caused noticeable change of the simulated SAR results. For the case of the eye and eyebrow, the local SAR is a maximum on the surface where as in the case of the nose, the peak SAR occurs 22mm into the liquid. Although the tip of the nose is closest to the dipole, the protruding shape of the nose seems to concentrate the absorption to a point far behind the surface. This is further highlighted by Figure 5 that shows a SAR maximum at the base of the nose.
Figure 5. SAR at 1800MHz in the whole head sliced through the nose (from SEMCAD-X)
Figures 6 and 7 show the effects on 1g and 10g SAR when up to 200mm are removed from the back of the head at 900MHz and 1800MHz respectively. At 900MHz, a significant change occurs to the SAR when more than 120mm are removed. At 1800MHz little effect is noticed up to 160mm removed.
Based on these findings, we suggest removing a 60mm section from the back of the head. As a result, at 900MHz, the 1g and 10g SARs will deviate from the whole head values by 2.3% and 2.4% respectively. At 1800MHz, the effect is less at -0.3% and -0.4% for the 1g and 10g SARs. The cross-sectional diagram in Figure 8 shows the effect of removing 60mm on the SAR at 1800MHz. Compared to Figure 5 , there is almost no observable change in the front third of the phantom.
Using scaled cross-sectional diagrams of the SAM head and an actual E-field probe, the accessibility of the face region was tested when a 60mm section was removed from the back. In Figure 9 , the shaded areas on the front of the face indicate where the probe can approach the surface at an angle of 90º±30º without being impeded by the opening at the back. The areas that can be scanned should be sufficient for future work involving facially worn metallic jewellery and spectacles. Table 1 compares the 1g and 10g SAR for the 60mm removed SAM head, calculated using the in-house FDTD code and SEMCAD-X, with the whole heterogeneous and homogeneous Brooks Head. This head is provided by Brooks Air Force [17] and is based on a 2mm resolution MRI scan of an adult male. It consists of 25 different tissue types. It is widely accepted that the SAM phantom provides conservative SAR values compared to heterogeneous heads when studying mobile handsets placed next to the ear. Here however, the Brooks heterogeneous head has a higher 1g and 10g SAR compared to the SAM FDTD head. This maybe because of the large influence the shape of the nose has on the SAR. To further investigate this phenomenon, a cuboid head with the maximum dimensions of the SAM head (236mm × 313mm × 168mm) was simulated. As with the SAM head, the dipole was placed 80mm away and in a similar vertical location. In this configuration, 1g and 10g SARs of 0.52W/kg and 0.34W/kg were recorded. Changing the shape from a cuboid to the SAM seems to increase the 1g SAR by 261% and 10g SAR 211%, confirming the influence of the nose in increasing SAR. The Brooks head has a different shaped nose to that of the SAM head so this could explain why the 1g and 10g SAR values are higher than expected. In order to carry out a fairer comparison, the heterogeneous Brooks head was converted to a homogeneous head and the simulations were repeated. To convert the head, the skin was assigned the properties of the SAM shell (ε'=3.5, σ=0S/m) and all other tissues were given the properties of brain simulating tissue. Now we see a conservatively high value for the 1g and 10g SAR. 
Figure 9. Side and top view of the SAM head showing area to be removed and the areas that can be accessed by the probe as a result

CONCLUSIONS
FDTD simulations have shown that 60mm can be removed from our proposed SAM head for performing SAR measurements near the face for in front of face sources. There is negligible effect on the 1g and 10g SAR at 1800MHz and a less than 3% deviation from expected values at 900MHz. Our simulation results have also shown simply including a nose in the model can give a two fold increase in the SAR compared to a flat section. This may have interesting implications when metallic studs are placed next to the nose.
